Residual SYNTAX score (rSS) and its derived indexes including SYNTAX revascularization index (SRI) and clinical rSS had been developed to quantify and describe the extent of incomplete revascularization. This study was conducted to explore the utility of the three scores among real-world patients after percutaneous coronary intervention (PCI). Methods: From January 2013 to December 2013, patients underwent PCI treatment at Fuwai Hospital were included. The primary endpoints were all-cause death and major adverse cardiovascular and cerebrovascular events. The secondary endpoints were myocardial infarction, revascularization, stroke, and stent thrombosis. Kaplan-Meier methodology was used to determine the outcomes. Cox multivariable regression was to test the associations between scores and all-cause mortality. Results: A total of 10,344 patients were finally analyzed in this study. Kaplan-Meier survival analysis indicated that greater residual coronary lesions quantified by rSS and its derived indexes were associated with increased risk of adverse cardiovascular events. However, after multivariate analysis, only clinical rSS was an independent predictor of 2-year all-cause death (hazard ratio: 1.02, 95% confidence interval: 1.01-1.03, P < 0.01). By receiver operating characteristic (ROC) curve analysis, clinical rSS had superior predictability of 2-year all-cause death than rSS and SRI (area under ROC curve [AUC]: 0.59 vs. 0.56 vs. 0.56, all P < 0.01), whereas rSS was superior in predicting repeat revascularization than clinical rSS and SRI (AUC: 0.62 vs. 0.61 vs. 0.61; all P < 0.01). When comparing the predictive capability of rSS ≥8 with SRI <70%, their predictabilities were not significantly different.
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IntRoductIon
For patients with multivessel coronary disease, percutaneous coronary intervention (PCI) frequently involves incomplete revascularization (IR) because of coronary anatomy complexity or coexisting serious clinical conditions. [1] [2] [3] The prognostic impact of IR after PCI had been inconsistent among studies, [4] [5] [6] [7] and one potential explanation was due to the lack of consent definition of IR. [8] Recently, residual SYNTAX score (rSS) and its derived other two indexes including SYNTAX revascularization index (SRI) and clinical rSS had been developed as the tool to better quantify and describe the extent of IR. [9] [10] [11] [12] [13] [14] [15] [16] Among them, rSS and SRI were purely anatomic indexes: rSS represented untreated baseline lesions in coronary artery, [9] [10] [11] [12] [13] and SRI represented the proportion of treated baseline coronary artery lesion. [14, 15] Whereas, clinical rSS was an index combining anatomic (rSS) with clinical variables (modified age, creatinine, and ejection fraction [ACEF] score). [16] Although the indexes aforementioned had been proven to have prognostic capacity after PCI, [9] [10] [11] [12] [13] [14] [15] [16] to date, few studies have explored the utility of all these indexes among the unselective real-world patients undergoing contemporary PCI treatment. Therefore, the present study was conducted to assess and compare the prognostic capacity of these indexes in a large cohort population of patients undergoing PCI in daily practice.
Methods
Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Fuwai Hospital (Approval No. 2013-449), and each patient provided informed written consent written informed consent before PCI.
Study population
This study was a cohort study and 10,723 consecutive patients who underwent PCI treatment at Fuwai Hospital, National Center for Cardiovascular Diseases, from January to December 2013, were included. After excluding patients with a history of previous coronary artery bypass grafting, 10,344 patients were finally analyzed in this study. The SYNTAX score (SS) and the rSS from all coronary angiograms, using standard quantitative coronary analysis methodology, were assessed by an independent angiographic core laboratory blinded to clinical outcomes. [9, 17] The SRI was calculated with the following formula: SRI = (1-rSS/baseline SS) × 100. [14] The clinical rSS was calculated by multiplying the rSS with the "modified ACEF" score. [18] 
Procedures and medications
The PCI strategies and stent types were left to treating physician's discretion. If not taking long-term aspirin and P2Y12 inhibitors, selective PCI patients received oral 300 mg aspirin and clopidogrel (loading dose 300 mg) or ticagrelor (loading dose 180 mg) at least 24 h before the procedure. Patients with acute coronary syndrome scheduled for primary PCI received the same dose aspirin and ticagrelor or clopidogrel (loading dose 300 mg or 600 mg) as soon as possible. During the procedure, unfractionated heparin (100 U/kg) was administered to all patients, and use of glycoprotein IIb/IIIa inhibitors was depended on operator's judgment. After the procedure, aspirin was prescribed at a dose of 100 mg daily indefinitely; clopidogrel 75 mg daily or ticagrelor 90 mg twice daily was advised for at least 1 year after PCI.
Patient follow-up
All patients were evaluated by clinic visit or by phone at 1, 3, 6, and 12 months and annually thereafter. Patients were advised to return for coronary angiography if clinically indicated by symptoms or documentation of myocardial ischemia. Two-year follow-up was completed for 10,287 (99.4%) patients.
Endpoints and definitions
Myocardial infarction (MI) was defined by the third universal definition of MI. [19] Revascularization was defined as repeated revascularization for ischemic symptoms and events driven by PCI or surgery of any vessel. Stent thrombosis (ST) was defined on the basis of the Academic Research Consortium definitions according to the level of certainty as definite, probable, and possible. [20] Major adverse cardiovascular and cerebrovascular events (MACCEs) were defined as the occurrence of death, MI, revascularization, ST, and stroke during follow-up period. Procedural success was defined as residual stenosis <50% and without in-hospital MACCE. All endpoints were adjudicated centrally by two independent cardiologists, and disagreement was resolved by consensus.
Statistical analysis
Continuous variables are shown as mean ± standard deviation (SD) or median (Q1, Q3), while categorical variables are reported as counts or percentage. For the baseline characteristics, generalized linear models were used to compare continuous variables across rSS groups with rSS class as a covariable, while the Cochran-Armitage test for trends was used for categorical data. Clinical outcomes were determined using Kaplan-Meier methodology. To test for possible associations between the SYNTAX indexes and the rates of long-term mortality, stepwise Cox multivariable regression analysis was used, with variable entry/stay criteria of 0.1/0.1. In addition, variables historically known to be associated with long-term mortality were included in the model. The proportional hazard assumption was verified for each endpoint using the supremum test. Receiver operating characteristic curves were used to compare the prognostic ability of the various risk scores to predict the rates of ischemic adverse events. Statistical analyses were performed using SPSS version 23 (IBM Corporation, Armonk, New York, USA). A P < 0.05 was considered statistically significant.
Results
Patients and baseline characteristics
The mean baseline SS was 13.6 ± 9.1 (range: 1.0-58.0), and the complete revascularization (CR) (rSS = 0, clinical rSS = 0, and SRI = 100) was achieved in 52.0% (5375/10,344) of patients. Patients who underwent IR were further categorized into three groups according to rSS, clinical rSS, and SRI tertiles [ Table 1 and Supplementary Tables 1, 2] . Patients in higher rSS levels had higher clinical risks including older age, decreased renal function, lower LVEF, more comorbidities, and higher baseline SS. Similarly, patients in higher clinical rSS and lower SRI levels had similar baseline characteristics as in higher rSS levels.
Clinical outcomes
As shown in Figure 1 , among different rSS groups, there were significant differences of the rates of all-cause death (1.0% vs. 1.1% vs. 1.4% vs. 1.8%, P < 0.01), revascularization (5.8% vs. 9.7% vs. 10.0% vs. 15.4%, P < 0.01), and MACCE (8.7% vs. 13.4% vs. 13.9% vs. 20.0%, P < 0.01). Moreover, there were also significant differences of the rates of all-cause death (1.0% vs. 0.9% vs. 0.7% vs. 2.5%, P < 0.01), revascularization (5.8% vs. 9.7% vs. 10.5% vs. 14.6%, P < 0.01), and MACCE (8.7% vs. 13.0% vs. 13.8% vs. 20.0%, P < 0.01) among different clinical rSS groups [ Figure 1 ]. Patients in higher rSS or clinical rSS groups had higher incidence of adverse clinical events. Although the incidence of all-cause death was not different among patients in different SRI groups (1.0% vs. 1.1% vs. 2.6% vs. 2.5%, P = 0.13), rates of revascularization (5.8% vs. 10.7% vs. 9.7% vs. 14.4%, P < 0.01) and MACCE (8.7% vs. 14.3% vs. 13.7% vs. 18.8%, P < 0.01) were still significantly higher in patients in lower SRI groups [ Figure 1 ]. After multivariate analysis, only clinical rSS was an independent predictor of 2-year mortality (hazard ratio: 1.02, 95% confidence interval: 1.01-1.03; P < 0.01); however, all these three indexes were independent predictors of MI, revascularization, and MACCE [ Figure 2 ].
Predictive capability of residual SYNTAX score, clinical residual SYNTAX score, and SYNTAX revascularization index
By receiver operating characteristic (ROC) curve analysis, all these IR indexes were significantly associated with adverse cardiac events [ Table 2 ]. When comparing these IR indexes with each other, the clinical rSS had superior predictability of 2-year all-cause death than rSS (area under ROC curve [AUC]: 0.59 vs. 0.56, P < 0.01) and SRI (AUC: 0.59 vs. 0.56, P < 0.01), and the rSS was 
dIscussIon
In this study, which included a large cohort of real-world patients undergoing contemporary PCI treatment, we assessed the degree of IR by rSS and its derived indexes (clinical rSS and SRI) on clinical outcomes. The major findings of this study were as follows: (1) all these IR indexes were able to risk-stratify patients and predict 2-year composite adverse cardiovascular events after PCI; (2) only clinical rSS was an independent predictor of 2-year mortality; (3) clinical This study assessed the prognostic capacity of all these IR indexes in one same large cohort, which added evidence of using rSS and its derived scores to evaluate and guide the revascularization of PCI treatment. The results demonstrated that all these IR indexes were able to risk-stratify patients and predict 2-year composite adverse cardiovascular events after PCI. Clinicians could select either of these indexes as a tool to quantify and describe the extent of IR by PCI revascularization and to predict patients' prognosis. In addition, we also found in the present study that only clinical rSS was an independent predictor of 2-year mortality after multivariate analysis. It was because that one of the outstanding limitations of rSS and SRI were lesion-based scoring system only including angiographic variables. Prior reports have demonstrated that combining the modified ACEF score with the SS could improve the ability of SS values to predict clinical outcomes. [18, 22] And just as a recently published report indicated, [16] the clinical rSS, which combined the modified ACEF score with the rSS, significantly improved the predictability of rSS for all-cause death. In the present study, we also found that the clinical rSS had best predictability of all-cause death. Because clinical rSS incorporated clinical factors with scoring system, this difference of predictability seemed logical. On the other hand, this study found that rSS had better predictability of repeat revascularization than clinical rSS; this finding revealed a clinical phenomenon that when interventionists gave a patient a repeat revascularization, anatomic rSS was the index they focused on. [16] However, both as anatomic IR indexes, the reason why rSS and SRI expressed significantly difference in predicting repeat revascularization was unclear.
rSS had superior predictability of 2-year all-cause death than other two anatomic rSS and SRI, whereas rSS was superior in predicting repeat revascularization than clinical rSS and SRI; and (4) IR level of rSS ≥ 8 and SRI <70% had same predictability of 2-year all-cause death, repeat revascularization, and MACCE.
CR in this unselected real-world PCI patients was achieved in 51.9%, which was higher than prior studies.
[9, 16, 21] We found that patients with greater residual coronary lesions after PCI, as quantified by the rSS and its derived indexes, had higher clinical risks such as older age, decreased renal function, lower LVEF, more comorbidities, and higher baseline SS. These associations reflected a clinical phenomenon that patients at higher risks tend to be received IR, just as prior studies indicated. [9, 16] Previous studies demonstrated that rSS had prognostic capacity in patients undergoing PCI treatment, [9] [10] [11] [12] [13] [14] and a rSS ≥ 8 was identified as a level of IR strongly associated with increased mortality and adverse ischemic events. [9, 10] In addition, two novel indexes derived from rSS were developed to assess the degree of revascularization after PCI lately. SRI, representing the proportion of treated baseline coronary artery lesions, had been shown to be an independent predictor of mortality after PCI; [14, 15] a SRI <70% was identified as a "reasonable" goal to be achieved for patients with complex coronary artery disease who underwent PCI treatment. [15] Clinical rSS, which combined clinical variables (modified ACEF score) with the rSS, had been demonstrated to have superior predictability of 1-year all-cause death after PCI compared with rSS. [16] Figure 2: Predictability of 2-year mortality and adverse events of IR scores. The following variables were included in each model: (1) for all-cause death and myocardial death: male, age, diabetes, hypertension, hyperlipoidemia, current smoking, renal dysfunction, left ventricular ejection fractions <40%, acute cardiovascular syndrome, and drug-eluted stent; (2) for myocardial infarction and MACCE: male, age, diabetes, hypertension, hyperlipoidemia, current smoking, renal dysfunction, previous myocardial infarction, previous percutaneous cardiovascular intervention, left ventricular ejection fractions <40%, acute cardiovascular syndrome, and drug-eluted stent; (3) for unplanned revascularization: male, age, diabetes, hypertension, hyperlipoidemia, current smoking, renal dysfunction, previous percutaneous cardiovascular intervention, left ventricular ejection fractions <40%, acute cardiovascular syndrome, and drug-eluted stent. However, when comparing the two IR cutoff values of rSS and SRI (rSS ≥ 8 vs. SRI <70%) directly, we found that their predictabilities of 2-year all-cause death, repeat revascularization, and MACCE were not different.
The present study has some limitations that should be acknowledged. First, the major limitation of this study is its nonrandomized design in which unmeasured confounders might affect any definitive conclusion. Second, 2-year follow-up duration is comparatively short to evaluate long-term outcomes. Third, rSS is based on angiographic interpretation that has inherent limitations, [23] and the results might have varied if the SS was assessed by less-trained readers. However, rSS was assessed by an independent angiographic core laboratory in this study; the good reproducibility for baseline SS evaluation has been demonstrated. [13] Third, previous studies have shown that patients with functional IR showed significantly higher rate of MACCE than those with functional CR. [24] In this study, we did not have data to discuss the effect of functional rSS on long-term outcomes. Finally, the patients in this study only included those underwent PCI treatment, and these IR indexes should be also validated in patients received coronary artery bypass grafting therapy.
In conclusion, in this large cohort of real-world patients underwent PCI treatment, all these IR indexes (rSS, clinical rSS, and SRI) were able to risk-stratify patients and predict 2-year composite adverse cardiovascular events after PCI. However, their prognostic capabilities were different. Clinical rSS is superior in predicting 2-year all-cause death than other two anatomic rSS and SRI, whereas rSS has superior predictability of repeat revascularization than clinical rSS and SRI. 
Supplementary information is linked to the online version of the paper on the Chinese Medical Journal website.
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